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SOME SYNCHROTRON PRODUCED 
RADIOACTIVITIES OJ:<.., T .. 1.NTALUM 
by Alfred J. Moses and Don s. Martin 
ABSTRACT 
X-ray irradiation of wolfram by a synchrotron beam have 
produced three radiQactive isotopes §f tantalum with galf-
lives of 48 m. (Tald)), 8.0 hr. (Tal 0) and 6.0d (Tal 3?) 
Characteristics of the activities have been studied bl 
absorption and coincidence measurements. ~eparated W 82 
was used for t he identification of the Tal o. Relative 
yields of the three istopes were measured for beam energies 
of 30 Mev . and 68 Mev . In addition, the yields fo r 6G Mev. 
havn been compared to the yield of the re a ction cl2(y,n )ell. 
Tal 0 can not form by a (y, p)reaction; however its yield 
was comparable to the yield of isotopes formed by such a 
reaction. 
. ' 
This paper is based on an MS Thesis by A.J. Mose s, December 19)0. 
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INTRODUCTION 
Atomic species have been a~ranged systematically in a 
chart of nuclide s. Inspection of such a chart shows certain 
gaps where identification has not been accomplished. The 
chart also includes information on the radiation emitted by 
the unstable isotopes. Many of these nuclides do not occur 
in nature but must be made artificially. Bombardment with 
neutrons, protons, deuterons~ tritons, alpha particles and photons 
has been used to produce artificial isotopes. 
This study is concerned with photon-induced nuclear re-
actions for which the photons (x-rays) are produced by the 
deceleration of electrons in a wolfram target. Prior to the 
advent of high-energy photon sources, the study of only a few 
pho tonucle ar reactions was possible. The betatron (l) is an 
early type of such a source. Its operation may b e summarized 
as follows: electrons are emitted by a heated filament and 
ejected into t~1e be:::tm orbi t as pulses of electrons. An 
alternating current is applied to the electromagnet to accelerate 
the electrons during part of the cycl e . The changing magnetic 
flux holds the electrons to a constant orbit. 
A synchrotron such as the one which provided irradiations 
for this work us es the betatron principle until the electrons 
attain an energy of 5 Mev, whereupon they are accelerated to 
much h i gher energies by means o f a h igh frequency resonance 
cavity. Turning off the r.f. power at the proper time causes 
the h igh-velocity electrons to spiral outward and impinge on 
a wolfram target whe r e x-rays are produced (bremsstrahlung). 
This bremsst r ahlung is contained in a narrow cone and exhibits 
a continuous spectrum from zero to the maximum energy ( a 
maximum energy of 68+ 5 Mev in this work unless ot"~-1erwi se 
specified). The spectrum of this radiation htts not yet been 
determined experimentally but well-foundad theoretical 
distribution curves have been drawn (2). These curves 
indicate that a high fraction of t he total radiation is in 
the low e ner gy range. 
This work deals with those photonuclear reactions of/ 
wolf r i:JJtl which produce tantalum isotopes. This limits the 
reactions to (y,p) ~ (y ,np), (y,2np) etc. In the energy 
region below 100 Mev there have been no reports of a photo-
nuclear reacti on which could be unambi gously assigned as 
(y,2np) or one involving the emission o.f a larger number 
of particles. The (y,Jnp) reaction certainly has a threshold 
of greater than 36 Me v. Apparently such re ac tions must be 
considered as much less probable than those with the loss 
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of a proton or a pro ton and a neutron. A similc..r argument 
may be put forth for a (y,2np) reaction but due to its some-
what lower threshol d this reaction will be considered. To 
determine the products of such react ions, it is first 
necessary to consi der the abundances of the stable isotopes 
of wolfram which are tabul ated in Table I. In each case 
the most recent mass determination has been quoted (3). 
TABLE I 
Abundance of Wolfram Isotopes 
Isotope 
Abundance ( 7; ) 0.001(?) 0.14-3 26.01 14.32 30. 68 29.85 
If the questionable and certainly r dre w1 78 is neglecte d , 
the isotopes li s ted in Table II migt1t be expected to be 
formed by the re a ctions considered. 
Fi g. l represents a section of the chart of nuclides ( ~ ) 
and indic a tes t he isotopes of interest to this problem . 
Butement has reported the results of pho tonuclear r e -
actions of wolfram in a letter to t l:-w edi tor• of Nature ( 5) . 
Using 23 Me v x-rays he produced the following activities: 
48 minute h a lf-life -Tal85 
6 day half.-life 
His assignments are presumably based on the fol lowing argu-
ment: 
1. The isoto pe nearer the region of most stable isotopes 
has t he longer half-life. 
2. Tal84 cannot be produce d by a (y,p) re a ction becau3e 
wl85 is unstable. 
3· The preparation of Ta184 by a (y,np) reaction is unlikely 
in bombardments by 23 Me v x-rays due to a high threshold of 
such reactions. 
On the basis of the above argument his assignments 
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TABLE II 
Summary of Possible Tantalum Isotopes \¥hich May 
Be Produced by (y,2np), ( y' np) and ( y, p) Reac-
tions on Wolfram. 
Stable 
Product Half-life Reaction isotope Evidence 
Tal77 2.50 d (y,2np) wl80 None 
Tal78 15-4 d (y,np) wl80 None 
Tal79 120 d (y,p) wl80 None 
Tal79 120 d (y,2np) wl82 None 
Tal80 8.0 h (y,np) wl82 this work 
Tal80 8.0 h ( y, 2np) wl83 None 
Tal81 stable (y,np) wl83 None 
Tal81 std.ble (y,2np) wl84 None 
Tal81 stable (y,p) wl82 None 
Tal82 117 d, 16 m (y,p) wl83 None 
Tal82 117 d, 16 m (y,np) wl84 None 
Tal83 6.0 d (y,p) wl 84 Indicated by ( 5) ; 
confirmed by this 
Tal83 wl86 work 6 .0 d (y,2np) None 
Tal84 unknown (y,np) wl86 None 
Tal85 48 m ( y' p) wl86 Yes (5, 6) ; verified 
by thi s work 
t 73 
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appeur quite reasonaJle and the one for Ta185 has been ver-
ifi~ d by Duffield , Hsiao and Sloth (6) who used separat~q 
wl ~ b. Duffield and co- a uth ors propo 3ed a decay fo r Tal~5 
by the emission of 1.7 Mev ~ -rays and conversion electrons. 
This ener gy . wa s estimated from a~sorption experimen ts. 
Evidence f or the formati on of the 6.0 d activity by a 
(y,p ) rather th a n a \ y ~np) reaction was found in this work. 
The bombardment of 
by an (y»np) reaction . 
fore this work only one 
p orted)l namel y : 
wolf r am produced in addition TalSO 
It should be p ointed out t hat be-
other (y,np) reaction bas be8n re-
Description of Apparatus 
The photon bomb ardme nts were made in the 70 Mev sync nro-
tron at Iowa Sta te Coll e ge. A special lucite sample holder 
was employed for the purpose of expos l n g the sa111p l es to 
high-intensity x-rays. T~e sample was placed in a test tube 
of one em . diamete r; this t est tube was then p lac ed into the 
hole of the lucite rod which wa s carefully aligned in the 
x-ray beam. The end of the t es t tube was enclosed in a cap 
which held a removable lucite disc . The TIOsitron activity 
of this disc, formed b y t he reaction : clZ (y,n) ell, served 
as a monitor of the beam intensity. 
The tan talum activities were c ounted by means of a GM 
counter tube '(RCL)I #838)1 model 12) having a window thi ck-
ness o f 2.5 mg./cm2. This tube was mounted in a circular 
lead shield (Technical Associate s ). The counts were r e-
corded on standard '' scale of 64" electronic circuit (Nuclear 
Instrument and Chemical Corp ., model ~5) . 
The decay scheme of Tal85 was clarif5 Pd by the use of 
a local l y constr ucted coincidence counter~ 
Chemical Procedure 
The sodium wolframate used in this work was submitted 
to a s pectrographic analysis. The following impurities 
-;:- Modified from a design by R.W. Watts; M.J2.D.Q.-74.1, 
Manhatten District Report. 
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were present: 
Cu (trace) <O .Ol'% 
Mg (very weak) < 0 oOl% 
Mn (very weak ) <O .Ol% 
Ta ( faint trace ) < O oOOl% 
Si (very weak) < 0 oO l % 
v (ve ry weak) < OoOl% 
Of these impuriti e s tantalum could produce the mo 3t serious 
interference with this worko Its concentration in the 
amount o f a faint trace ( < 0 o 001~~ ) should not produce any 
detectable activity by (yyn) reactions~ since the ratios 
of (y,n) to (y,p) yields appe ar to be less than 50 (8) o 
The other impurities are in some instancas separated c n em-
ically a n d in any case pre sent in only very low concentra-
tions o 
The sampl e s of Na2 W0 4 o2H 2 0 were dissolved in 10% 
aqueous NaOH solution and 10 mgo of sodium tantalate car-
rier was added o After agitation of the s o lution for several 
minutes a filtration was performed by which tantalum activ-
ity remained with the insoluble sodium tantalate carriero 
The samples were air~dried and washed with alcohol and ether 
successivelyo This method is a modification of t h e scheme 
that Powell, Sch oeller and Jahn proposed for the separation 
of W fr om Ti 9 Nb, Ta and Zr (9) o An experiment was under -
taken on the effectiveness of this scheme using synchrotron-
produced tantalum activityo The tantalate was counted in 
the usual manner o An al i quot of the filtrate was acidified 
and the resulting precipitate countedo The results in-
dicated that only a pproximately 19% of the total synchro-
tron-produced t a ntalum activity was recovered by the use of 
10 mg. of sodium tantalate carrier o Counting of a fr a c-
tional area of the reaction vessel revealed that not more 
than 15% of the total activity (the limit of detection) 
could have been adsorbed on the glass . 
Another method of separation tri e d was that of Meinke 
(10) which separates W, Ta and Zr by first dissolving t~e 
sample in a mixture of HF and HN03 s followed by the addi-
tion of a saturated solution of BaC1 2 to precipitate BaZrF6 o 
This process was repeated se vertt.l times and the Zr sample 
counted o Sach time the activity decreased due to improved 
separati on~ this indicated that the activity was due to 
Ta and not active HF wnich would be carrie d by the Zr 
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carrier. Saturation of the solution with KF caused the 
precipitation of K2 TaF7 whic h again was counted. W0 3 was 
precipitated upon acidlfication of the solution and counted. 
Just as was the case with the Zr, the activity diminished 
upon repeated precipitation of W0 3 • Thus the method of 
Meinke proved too time-consuming and inefficient for the 
intensities available. 
More recently work on synchrotron-produced activities 
indicated that an appreciable par t of the total activity 
could be collected on a filter p aper without the use of a 
carriero Apparently the bombardment produces tantalum which 
is in some colloidal form when placed in an aqueous medium. 
Experimental Procedure 
Immediately after irradiation the samples were dis-
solved in 10% aqueous NaOH s olution which contained 10 mg. 
sodium tantalate car rier. The solution was then taken to 
the laboratory as quickly as possible (ca . 10 minutes ) and 
the tant alate collected on filter paper of 21 mm. niameter . 
The sample was dried by the brief passage of air, followed 
by the application of alcohol and ether. The filter paper 
was then mountecJ on cardboard (thickness ca. 50 mg./cm.2) 
and covered with cellophane (3 .25 mg./cm.2). The card was 
taped to an aluminum plate with a hole of 3.2 cm. diameter 
at its center. All samples were counted on the first shelf 
of the counting assembly, a distance of approximately 
l em. from the tube window. A co60 standard furnished a 
convenient check on the constancy of performance of the 
counter. For absorption curves the absorbers were placed 
as close to the tuoe window as was possible, i.e., about 
3 mm., und taped to the face of the c ounting tube. 
One sample was counted with a ma gnetic field of 2000 
gauss and a baffle which could be arranged to deflect either 
positrons or electrons into the counter. The test for posi-
trons was negative . 
Counting Efficiencies 
A comparison of disintegration r ates from counting data 
required a consideration of the counting efficiency of the 
detector for t he particular radiations. Once a ~-particle 
has entered t ~ne sensitive region of the counter tube, the 
probability of its detection is nearly cne. For an iso-
tropic ~-emitter without scattering and absorption the prob-
ability of detection can be calculated by geometrical methods 
and is a function of the sizes and s h apes of the counter 
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and sample and their separa tiono A weightless sample~ mounted 
on a very thin film 9 approximates this situationo The necessity 
for the use of a carrier materi~l made it impossible to fulfill 
these requirementso Therefore a factor had to be applied to 
correct for the self-scattering and self-absorption by the sample. 
Self-scattering and self-absorption are functions of 
the density, weight~ distribution and backing of t h e sample 
as well as of the energy of the radi a tiono Engelkemeir~ 
Seiler, Steinberg and Winsberg (11) have chosen the count-
ing rate of a weightless sample with no backing as their 
standard and compiled a series of empirical graph s which 
furnish factors: · 
(activity of weightless source with no cover, corrected to) 
(zero backscattering ) 
( ) ( _a_c...,.t'"""i_v._,i,.....t,...y--o-=f~c-a_r_r_l-:-. e-_-r_s_o_L-. r-c-e--w-:'i...,.t~h~3=--. 2=-5-:::--m-g-.-;-r-c-m__,...,2-c-e-=1-=1:-o-p-:h:--a-n-e-) 
(cover, back scattering f rom mounting card ) 
as a function of beta ray energy for various sample thick-
nesses. Multiplication of the recorded counting rate by 
the proper factor gave the counting rate of the source as 
though the latter were weightl e ss, without cellophane cover 
and without backing . 
In addition to the correction for self-scattering and 
self-absorption allowance must be made for the absorption 
of radiation by the mica window of the counter ,tube and the 
air space between the window of the counter tube and the 
sample. The win dow thickness was given as 2 o5 mg .jcm.2 
and the air space of Oo8 em. ~ Oo8 em . air • 1 . 3 mg . /cm o3 
or 1.0 mg./cm . 2 o Adding t hese values gave a total of 
3.5 mg./cm.2. The cellophane cover over the sample was 
taken into account by the self-absorption and self-scattering 
factor. The aluminum a b sorption curves were extrapolated 
back to -3.5 mg. /cm.2 to obtain a 11 zero absorber•" counting 
rate. It is this value which was used in the calculation 
of corrected counting r a t e s o 
Ahe dead time of the counting tubes ~ e stimated as about 
3"10-4 sec . , introduced an appreciable error at counting 
rates above 2000 counts per minuteQ This dead time is the 
period following receipt of a pulse during which the counter 
tube is ineffective for detecting radiation . The following 
formula was used to correct for the effect of this dead 
time: 
(a) n 
1-n( T/t) 
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where: 
no = t he number of particles passing through 
t h e sensitive region of the tube in 
time t, 
n = the number of particles counted in t h e 
time t, 
t = the counting time 9 
T = the dead time of the eeiger -Muller counter 
tube (approx. 3 · 10- s ec.). 
In all cases t h e bacY.ground was sub tracted from the 
counti n g r ate measured. 
RESULTS 
Activities Produced 
Th e bombardment of ' wolfram with x-rays yielded tanta-
lum activities with t t1e following half-lives : 6. 0 days; 
8.0 hours , 48 minutes and a long- lived activity with an 
apparent half- l ife of 117 days (Fi g. 2 9 3), none o f whi ch 
decayed by positron emissinn. The 117 d activity may be 
due to contaminated glassware or possible production of 
Tal79 by t he processes mentioned in Table II. Formation of 
this isotope from t he r a ther rare wl BO (abundance 0.14%) 
by a (y 9 p} cou ld not be expected to give the activity ob-
tained. The formJ tion of Tal79 from wl82 by a (y, 2np) 
reaction was considered ynlikely in such yields because 
bombardment of stable wl b2 yielded no appreciable amount of 
long~lived activity . 
For the remaining part of this section the ac tivities 
will be discuss ad 9 followe d by the calculation of relative 
yiel ds. 
6. 0 d ac ti viti e s 
Following a J ~hr. ~ 68 Mev b ombardment and chemical 
separation aluminum absorption curves were taken at various 
times. The absorption data starting a t 60 hours after the 
end of the irradiation we r e chosen to ob tain information 
on the radiations emitted by t he 6.0 d activity 9 as at t h is 
time practically all short-lived activity had decayed. All 
necessary data were calculated back to this reference time 
and plotted (Fi g. 4 ) . A range of approxima tely 180 mg. /cm . 2 
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Fig. 3--Decay curve for 3-hr, 68 Mev bombardments. 
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Fig. 4--Aluminum absorption curve for 3-hr, 68 Mev 
bombardment, 6-day activity. 
in aluminum (equivalent to Oo5 to Oo6 Mev) was observedo 
The accuracy of these measurements was seriously limited by 
the low intensities availableo This was particularly the 
case with the photon component which could not be studied 
by tantalum or lead absorption measurementso 
BoO h activity 
Inspection of Figo 2 indicates the presence of an 
appreciable amount of radiation with a h a lf-life of BoO 
hours o Subtraction of the 6oO d component from the counting 
rates allowed the plot of an aluminum a b sorption curve for 
the BoO h activity (Fi go 5); visual inspection gave an in-
dication of a beta particle with a range of ~360 mg o/cm o2 
in aluminum$ or Oo9 Mevo The hard component corresponding 
to photon emission appeared to be relatively intense o 
' Wilkinson and Hicks (12) wh o prepared TalBO by Ta (n,2n) 9 
Ta(p,np) and Ta(d,2np) reactions proposed the decay scheme 
shown in Fig o 6 on the basis of their absorption curves and 
estimated counter efficiencies o Thi s decay sch eme included 
the emission of a Oo6 Mev beta particle in 11% of the dis~ 
integrations o The presence of x-rays was interpreted to 
indicate B7% decay by orbital capture o If the product of 
our photonuclear reacti on was actually TalBO , then it must 
have been mostly produced by a (y,np) reaction on wlB2 o 
A 4-hro bombardment of stable wlBZ* at 6B Mev yielded a high 
proportion of BoO h activity (Figo 7) which up on analysis 
of the aluminum abs or p tion curve gave an electron of a range 
of~230 mgo/cm o2 in aluminum corresponding to Oo6 to Oo7 Mev 
(Figo B), in good agreement with the value of Wilkinson and 
Hicks (12)o Quantitative data on this and other bomb ard-
ments will be given in the section on Rel a tive Yi elds o 
~activity 
The characteristics of the 4B m activity were obtained 
by subtracting t h e BoO h and 6oO d components (Fi go 9) from 
the counting rate shortly after the end o f the irradiation 
and the chemical separation o After this work was under way 
Duffield and co-workers (6) reported a large yield of this 
activity following irradiation of the separated wlB6 with 
23 Mev x-rays from the University of Illinois betatrono 
They also reported on the basis of their absorption measure-
ments a maximum beta r a y energy of lo7 Mev and the possible 
presence of internal conversion electrons o 
* The w182 isotope used in this work was supplied by Carbide 
and Carbon Chemicals Corporation, Y-12 Plant, Oak Rid ge, Tenn o9 
and obtained on allocation from the Isotope Division of the 
Atomic Energy Commission o 
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Fig. 5--Aluminum absorption curve for 3-hr, 68 Mev 
bombardment, 8-hr activity. 
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Fig. 9--Aluminum absorption curve and feather analysis 
for 1-hr, 68 Mev irradiation of W. (48-minute activity, 
longer components subtracted). 
The intensities of this activity were sufficiently 
high for a good absorption curve after all the counting 
rates had been corrected to the same time . This curve is 
shnwn in Fig . 9 o A Feather analysis (13 ~ 14) using Ra E 
beta r ays as the compari son activi ty yielde d a r ange of 
rv740 mgo Al/cm.2 for the range of the electrons which corre-
sponds to a maximum beta ray energy of 1 .6 Me v (Fi go 9 j, 
in good agreement with the va+ue of Duffield et al . 
A soft component to the electrons was attri buted to a 
group with a maximum energy of 0. 15 Mev o Such an electron 
group would be due to a soft beta ray followed by a gamma 
transition or due to c onversion e lectrons which f ollowed 
the hard beta ray . Coincidence counting experiments were 
employed to di stinguish between these two cas a so As shown 
in a sub sequent section the intensities of the soft c omponent 
and t h e hard component were very nearly equal. In case of 
conversion electrons a high e lectron-electron coincidence 
rate would have been observed. Thus: 
(b) 
where: 
( II I I II ~ - e) = n ( E~ Ee + E~ Ee) 
(~ - e) = the beta-electron coincidence counting 
rate . 
I II 
E~ a nd E~ 
n = the disintegration rate o 
= the counter efficiencies for the beta 
r ays in counters 1 and 2 respectively . 
= the corresponding counter efficnencies 
for the conversion electrons o 
I' The individual counting rate for counter 2, C would be 
equal to: 
(c) II II C = n(E~ + Ee )o 
Using the approximation t~a t EB~Ee for the counting setup ~ 
the rati~ of (S - ~is gl ven oy: 
C" 
(d) (S - e) ~E I 
C '' ' ~, e 
A detailed study of the coincidence counter behavior* has 
D. So Martin» E oN. Jensen .~~ F .Jci ·Hughes ·and R.T . Nickolsl> 
Manuscript in preparationo 
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indicated that the counter efficiency for electrons ~n the 
coincidence counter arr angement was about 0.11. The ob served 
ratio for this quansity was less than 0.01. This decay scheme 
was therefore excluded unless the gamma transition was de-
layed with a period greater than 5-10 micro3econds. It seems 
more likely that t he decay scheme is the one shown in Fig. 10 
which shows two separate beta-ray groups of different energies. 
For the calculation of the ratio Ri /Rj ·for the 3-hr., 
68 Mev bombardment the data were taken rrom Fig. 2 and 3 and 
corrected for self- absorption, self-scattering and a b sorption 
b y the air ~ mic a windo w and cellophane. As the 48 m activ-
ity involved a slightly mor e compl e x decay scheme (Fig. 10) 
a sample calculation is given. 
Calculation of the corrected 48-minute activity: 
1.6 Mev beta-particle activity 
(e) A = ~~g x 9700 x t§g x 0. 83 = 6100, cts ./min. 
where 680/920 represents the ratio of the extrapolated hard 
beta activity to the total activity (Fig. 9). 
(f) 
9700 = the counting rate of the 48 minute activity 
(Fig. 2) extrapolated to zero aluminum 
absorber at end of irradiation (t = t 0 ) 
700/680 corrects for absorption by air and counter 
window (Fig. 9 extrapolated to - 3.5 mg./cm.2). 
0.83 = the correction factor for self-scattering, self= 
absorp tion and absorp tion in the cellophane (11). 
0.15 Mev beta-particle activity 
A = 240 . 240 8 920 x 9700 x 2 _0 x 1. = 5700 cts.jp1in. 
where the extrapolated counting rate wa s obtained by sub-
traction of the 1. 6 Mev curve from the experimental curve 
and all othe r values have meanings similar to those specified 
above. The total activity was the sum of th ese two activ-
ities or 11,800 cts . / min. 
Relative Yields of Tantalum Isotopes 
The ratios of t he rates of formation were calculated 
for the various isotopes. In each case the rate was compared 
-26-
1.6 Mev 1.45Mev 
Fig. 10--Proposed decay scheme for Tal85. 
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to that of the 8.0 h activity. In a later section the rate 
of formation of the 48 m activity is compared to tha t of 
ell (half-life 20.5 m), formed by a (y,n} reaction. Follow-
ing are the definitions of the symbols used in this section: 
= rate of formation during irradiation of the 
isotope in atoms/unit time; assume Ri to be 
constant. 
)1 = decay constant of "i" isotope = 0.693 
t~ 
Ni = number of atoms of the "i" isotope. 
"i" 
Ai = activity of the 11 1 11 isotope in disintegrations/ 
minute. 
t = time in hours after the start of irradiation. 
t 0 = length of the bombardment in hours. 
The subscript "j" denotes the same quantities for the 
"j" isotope. 
The differential equation for the "i" isotope is~ 
(g) 
which upo~ integration gives: 
(h) 
In most cases the intensity of the x-ray beam was monitored 
by an ionization chamber whose output was indicated on a 
recording milliammeter. In the case of only one bombard-
ment did it appear from the tape recording that the beam 
intensity had not been essentially constant. The following 
solution of the yield equation (g) was employed to treat 
this situation: 
( j ) dt 
-28-
Thus if Ri were taken as proportional to the ioniza-
tion current, the yield could be computed, except for a 
constant of proportionality, from a graphical integration 
of the function indicated. The r a tios of the yields, Ri /Rj, 
were therefore computed from the ratios of the disintegra-
tion rates and these integrals. 
This calculation indicated a correction of only 4% of 
the relative yield ratio which would have been obta ined 
from the assumption of constant beam strength. The ratios 
of the R's for both 68 Mev and 30 Mev (Fig. 11,12) bombard-
ments are given in Table III. 
TABLE III 
Relative Yields of Ta Isotopes Produced 
by Photonuclear Reactions of Wolfram. 
Starting 
R6.o ~ material Energy d H~8 m R8.o h h R .0 d 
w 68 Mev 0.80 o.46 0.58 
w 30 Mev 2.65 1.65 0.62 
wl82 68 Mev 0.067 
Table III leads to the following observations: 
1. 
2. 
3· 
TJ;e ratio R48 m/R6.0 d does not change a pprecia bly 
w1th energy. 
The ratio RJ ,8 m/R8 o h decreased by a factor of 3 with 
the higher energy; "thrs indicated that the isotopes 
were produced by different processes an d that the 8.0 h 
isotope was most likely produced by a (y,np) process 
whereas t he 48 m and 6.0 d isotopes were prepared by 
(y, p) reactions. 
The 8.0 h activity was apparently produced from the wl82 
and if produced by a (y,np) process, would be due to 
TalBO, The half-life and energies were in agreement 
with such a conclusion. 
-I 
z 
2 
....... 
~ 
0 
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HRS. AFTER END OF BOMBARDMENT 
Fig. 11--Components for decay of 4-hr, 30 Mev irradiation. 
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HRS. AFTER END OF BOMBARDMENT 
Fig. 12--Decay curve for 4-hr, 30 Mev irradiation. 
4-
-31-
Since the 48 m activity was produced from wl86 by a (y,p) 
processp its assignment as Tal85 appears reliable. 
From the evidence that the 6.0 d activity was produced 
by a (y,p) and not a (y~np) process tne assignment to 
the only isotope not already associated with some other 
radioactivity or stable nuclide would appear most likely 
but not absolutely cer tain ; Tal83 offers this possibility. 
On the basis of these assignments relative atomic yields 
could b e calculated for the photonuclear processes using the 
following equation: 
( k ) f . Rl· ~ J. 7 
--/;, = . ;abundance of W 
J Rj L abundance of w!J 
It should be noted th~t Tal85 m~y be produced by only a 
(y,p) process but that both TaldO and Tal83 would be formed 
by (y~2np) reactions on existing wolfram isotopes. Yields 
of such reactions h a ve been assumed to be negligible in the 
calculation of the Pi ratios. 
Tj 
The calculation of the quantity for the separated wl82 
required a knowledge of the constitution of the sample. 
Table IV lists the atomic abunaances of the wolfram isotopes 
in this sa~ple as reported by Carbide and Carbon Corporation, 
Oak Ridge 9 Tenne ssee. 
Isotope 
wl8o 
wl82 
wl83 
wl84 
wl86 
TABLE IV 
Abundance 8of Stable W Isotopes in the wl 2 Sample. 
Atom % 
0.031 
91.58 
J.lJ 
4·07 
1.19 
Table V summarizes the results of t hese atomic yie l d calculations. 
• 
• 
Starting 
material 
w 
w 
wl82 
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TABLE V 
Relative Atomic Yields of Ta Isotopes 
Produced by Photonuclear Reactions of 
Wolfram. 
Energy (wl 8 Lj __ ::L·l2l ~ wl86_:izl2) ~wl 86_ :izl2} 
(Mev) 182 182 184 (W -y,np) (W -y,np) ( W -y,p) 
68 0.68 0.40 o. 6o 
30 2.3 10 4Lj_ o. 6L~ 
68 5.2 
The low counting r a te of the wl 82 s ample did not 
allow an accurate extrapolation of the activit~~s to zero 
time. Hence the r a ti o of atomic yields for wl should 
not be gi ven too much wei ght . 
Atomic Yields Relative to Carbon 
In order to b e ·able to compare t he yields of Ta i so-
t opes with t hose ob tained by other workers for other re-
actions it was nece s s ary to adopt the yie ld of some reac-
tion as a r eference. Perlman and Friedlander ( 8 ) have 
expre ssed the yields of s ome x-ray induc ed nuclear reac-
tions in terms of e ll and Nl3 y ields produced by (y,n) 
reactions on carbon - and nitrogen-containing mdterials 
under identica l conditi ons. 
In this work two methods were used . One involved a 
ch emical s eparation from an inter nal c arbon standard in 
the form of (3-naphthol, while the second method used a n 
external standard and involved no chemistry. 
In the chemic a l method (3-naphthol ~as mixed with 
Na2 W0 4 • 2H 2 0 in s uch a proporti on tha t the sample contained 
1 6 .7~ carbon . A 20 mg. al i quot was t aken after a 1-h r. 
irradiati on at 68 Me v and counte d. After subtracti on of 
t he longer-live d activitie s and t he usual corrections this 
gave t he ell activity with a half- life of 20.5 m. The 
remainder of the three gr am s ample was sub jected to a 
chemical separation, mounte d .J.nd c ounted. The 48 m com-
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ponent was obtained by subtraction of the 8.0 h and 6.0 d 
activities. After the necessary corrections for self-
absorption, self-scattering and absorption the ratio of the 
rates was calculated to be 
( 1) f(wl86_y 2 p} = 
p 12 
J (C -y,n) 
0.24 
The chemical separation was only 19% complete so that the 
ratio had to be corrected by the factor 100/19~ the cor-
rected ratio was then 1.25. PGrlman and Friedlander (8) 
gave a ratio of carbon to nitrogen yields as 2.3 for both 
50 and 100 Mev. The atomic yield ratio to nitrogen was 
consequently 2.9. 
The second method used a container consisting of two 
test tubes fused together. One end was filled with 20 mg. 
of ~-naphthol, the other with the same quantity of 
Na2 W0 4 .2H2 0. Both materials were counted after a 1 hr. 
bombardment at 68 Mev and the following ratio of the 
atomic yields calculated: 
(m) 
Referred to nitrogen this ratio is 3.1. The two methods 
have therefore given results which are in very good agree-
ment. 
CONCLUSIONS 
X-ray irradiations of wolfram with a 68 Mev m~ximum 
energy have yielded three radioactive isotopes of tantalum. 
These isotopesp their properties and modes of formatibn 
are listed in Table VI. 
TABLE VI 
Summary of Observed Photonuclear Reactions. 
Isotope Process Half-life E~max (Mev) produced 
Tal80 (y,np) 8.0 h 0.6 to 0.7 
Tal83 (y,p) 6.0 d J.5 to 0.6 
Tal85 ( y ~ p) 48 m 1.·6, 0 .15 
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According to Perlman (7) the yield of the (y,np) re-
action on Ge70 at 50 and 100 Mev is of the same order as 
that of a (y,p) reaction for these maXimum energies. Our 
results with the 8.0 h activity c onfirmed this fe~ture 
for the (y,np) reaction of wlB2. Perlman and Friedlander ( 8 ) 
reported five (y~p) yields relayive to nitro gen ranging 
from 5.6 for Al2~ to 3.7 for TclOl, all bombardme nts taking 
place with a maximum energy of 100 Mev. These authors came 
to the conclusion that the yields did not change appreciably 
upon reduction of the maximum energy to 50 Mev. Their 
observation is consistent with the data presented in this 
work. The relative yield compared to nitro ge n of the 
(y,p) reaction on wlbb, 3.0, se Gms to be qu~te reasonable 
when compared to their da ta. It should be pointed out 
that no (y,p) yield studies have b een pub lished for nucli des 
with such high mass numbers. 
( 1) 
(2) 
( 3) 
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